-permeable acid-sensing ion channel 1a (ASIC1a) is involved in the pathophysiologic process of adult focal brain ischemia. However, little is known about its role in the pathogenesis of global cerebral ischemia or newborn hypoxia-ischemia (H-I). Here, using a newborn piglet model of asphyxia-induced cardiac arrest, we investigated the effect of ASIC1a-specific blocker psalmotoxin-1 on neuronal injury. During asphyxia and the first 30 min of recovery, brain tissue pH fell below 7.0, the approximate activation pH of ASIC1a. Psalmotoxin-1 injection at 20 min before hypoxia, but not at 20 min of recovery, partially protected the striatonigral and striatopallidal neurons in putamen. Psalmotoxin-1 pretreatment largely attenuated the increased protein kinase A-dependent phosphorylation of DARPP-32 and N-methyl-D-aspartate (NMDA) receptor NR1 subunit and decreased nitrative and oxidative damage to proteins at 3 h of recovery. Pretreatment with NMDA receptor antagonist MK-801 also provided partial neuroprotection in putamen, and combined pretreatment with psalmotoxin-1 and MK-801 yielded additive neuroprotection. These results indicate that ASIC1a activation contributes to neuronal death in newborn putamen after H-I through mechanisms that may involve protein kinase A-dependent phosphorylation of NMDA receptor and nitrative and oxidative stress.
Introduction
Varieties of homomeric and heteromeric acid-sensing ion channel (ASIC) subunits can form sodium-permeable channels that are expressed in neurons throughout the central and peripheral nervous system (Krishtal, 2003) . Among these channels, the homomeric ASIC1a allows not only Na + but also Ca 2+ influx into cells after it is activated by a reduction in extracellular pH (Yermolaieva et al., 2004) . Physiologically, ASIC1a is involved in synaptic plasticity and learning and memory (Wemmie et al., 2002) . However, studies have shown that it acts as a prominent mediator in acidosis-induced neuronal injury in adult brain ischemia (Gao et al., 2005; Pignataro et al., 2007; Xiong et al., 2004) . Extracellular and intracellular pH levels in the brain are maintained physiologically at approximately 7.3 and 7.1, respectively (Nedergaard et al., 1991; Tomlinson et al., 1993) . Cerebral ischemia induces substantial tissue acidosis, although the pattern and magnitude of intracellular and extracellular pH vary with ischemic severity and duration (Simon and Xiong, 2006; Yao and Haddad, 2004) . Lactate accumulation from anaerobic glycolysis and increased H + release from ATP hydrolysis reduce brain pH to 6.5 or lower during severe ischemia (Laptook et al., 1992; Nedergaard et al., 1991) . This pH reduction is capable of activating ASIC1a channels and allowing Ca 2+ entry into neurons in a glutamate receptor-independent manner (Xiong et al., 2004; Yermolaieva et al., 2004) . Pharmacologic intervention with psalmotoxin-1 (PcTX), a specific ASIC1a blocker, or ASIC1 gene ablation significantly reduces infarct volume in adult stroke models (Pignataro et al., 2007; Xiong et al., 2004) . Complex interactions may exist between ASIC1a and the N-methyl-D-aspartate (NMDA) receptor in ischemic injury. On the one hand, NMDA receptors can modulate ASIC1a channel function through Ca 2+ / calmodulin protein kinase II-dependent ASIC1a phosphorylation in ischemic adult brain (Gao et al., 2005) . On the other hand, some studies have suggested that ASIC1a may change NMDA receptor function. ASIC1 knockout mice show reduced excitatory postsynaptic potentials and NMDA receptor activation (Wemmie et al., 2002) . PcTX can significantly reduce NMDA-induced cell death (Gao et al., 2005) , and the neuroprotective effect of an NMDA receptor antagonist is less prominent in ischemic ASIC1 knockout mice than in wild-type mice (Xiong et al., 2004) . Moreover, combined treatment with an ASIC1a blocker and an NMDA receptor antagonist resulted in a further reduction of brain damage and extended the therapeutic time window for NMDA receptor blockade (Pignataro et al., 2007) . All of these findings open the Neurobiology of Disease 43 (2011) 446-454 
